Influence of NH3 on secondary organic aerosols from the ozonolysis and photooxidation of alpha-pinene in a flow reactor, Atmos.
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S1 Experimental Details and Oxidation Flow Reactor Operation
Oxidation Flow Reactors (OFRs) intend to simulate photochemical changes in gas and particle mixtures as they age during atmospheric transport. This is accomplished by directing fresh emissions through a chamber that is illuminated with ultraviolent (UV) light to simulate the Sun's illumination of the mixture. OFRs differ from smog chambers in that the UV radiation is more intense and there is a continuous flow through the system, rather than the stagnant mixture that is examined in the smog chamber at UV intensities closer to ambient levels (Hidy, 2019; Lee et al., 2009) . Various OFR systems have been developed and applied (Aerodyne, 2019; Bin Babar et al., 2017; Cazorla and Brune, 2010; Ezell et al., 2010; Huang et al., 2017; Karjalainen et al., 2016; Lambe et al., 2011; Mitroo et al., 2018; Pourkhesalian et al., 2015; Reece et al., 2017; Smith et al., 2009 ) since the original Teflon bag of Kang et al. (2007) that was externally illuminated with mercury vapor lamps. These units range in volume from 0.15 L (Keller and Burtscher, 2012) to 1200 L (Ezell et al., 2010 and are made from fluorinated ethylene propylene (FEP) Teflon films, stainless steel, quartz, or Iridite/Anodine coated aluminum with the intent to minimize reactions with the chamber walls. Although many published articles reference the characterization and operational details of Kang et al. (2007) , it is evident that there have been many changes since their initial development.
Important OFR design parameters are (Huang et al., 2017) : 1) gas introduction mixing prior to and within the OFR chamber; 2) chamber volume and range of flow rates that determine residence time within the chamber; 3) methods to generate or introduce oxidants; 4) reaction chamber materials that minimize artifacts (e.g., reactant adsorption and outgassing); and 5) sensors applied to detect the types of reactants and end-products. General findings are: 1) larger diameters and shorter residence times minimize gas and particle losses to chamber surfaces; 2) rapid mixing of pollutants provides more accurate reaction rate measurements; and 3) passivated conductive surfaces minimize electrostatic effects on particles. Although the Caltech Photooxidation Flow Tube reactor (Huang et al., 2017) appears to be the best characterized via modeling and experiment, the Aerodyne (2019) potential aerosol mass (PAM)-OFR is in more widespread use owing to its compactness, reliability, expanding user-base (PAMWiki, 2019) , and commercial availability. The Aerodyne OFR was used for the experiments reported here. Figure S1 illustrates the configuration for these experiments. Two tubular low-pressure mercury (Hg) lamps in the OFR with Teflon sleeves provided UV light at 185 and 254 nm and two lamps with doped quartz sleeves provided illumination at 254 nm. Lamps were cooled by a continuous flow of relatively inert, nitrogen (N2) gas. The main reactions for this OFR185 mode that create O3, OH (hydroxyl radical), and HO2 (hydroperoxyl radical) oxidants are:
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The OH is most influential in photochemical aging, and OH production within the OFR is related to the Hg lamp intensity, which in turn is related to the voltages applied to the lamps. Bhattarai et al. (2018) demonstrate that UV fluxes are almost linearly associated with lamp voltage from 2 to 7 V, and similar linear results were found for the profile aging tests reported here. OH production is related to lamp intensity by inference from first order reactions of OH with SO2 which has a well-characterized rate constant (kSO2,OH= 9.49x10 -13 cm 3 molecule -1 sec -1 at 1 atm and 298 °K) (Davis et al., 1979; Sander et al., 2006) by the relationship: OH = -1/kSO2,OH ln (CSO2,out/CSO2,in)
where kSO2,OH= reaction rate of SO2 with OH (cm 3 molecule -1 sec -1 ) CSO2,in=SO2 concentration injected into the OFR (ppb) CSO2,out=SO2 concentration at the OFR outlet (ppb) UV lamps were operated at 2 and 3.5 volts with a flow rate of 10 L min -1 and a plug-flow residence time of ~80 s in the 13.3 L anodine-coated reactor, which translates to OH exposures (OHexp) of ~2.6 x 10 11 and 8.8 x 10 11 molecules-sec cm -3 at 2 volts and 3.5 volts, respectively. These values for OHexp are within the range of 1x10 10 to ~2x10 12 molecules-sec cm -3 reported in other OFR experiments. The lamps were powered and brought into steady state operations before drawing the sample stream through the OFR The Aerodyne OFR surface-to-volume ratio is 0.23 cm -1 , which is smaller than several of the other OFR types and is intended to minimize particle and gas losses with lamp off. SO2 concentrations ranging from 100 to 800 ppb measured at the OFR inlet showed less than 1% changes when measured at the OFR outlet. Similar results were found for carbon monoxide (CO) and ozone (O3), indicating minimal losses to the reactor surfaces. This is in contrast to the Teflon bag of Kang et al. (2007) that experienced SO2 losses as high as 20%. Lambe et al.(2011) found transmission efficiencies of 0.91±0.09 for CO2 and 1.2±0.4 for SO2 with a later quartz glass OFR design.
Lambe et al. (2011) found particle transmission efficiencies exceeding 80% for mobility diameters >150 nm, but as low as 40% for 50 nm particles with a quartz OFR. Karjalainen et al.
(2016) measured 60% particle losses for ~20 nm particles, ~25% particle losses for 50 nm particles, and <10% losses for particle sizes >100 nm with a stainless steel OFR. Palm et al. (2016) compared mass concentrations in ambient air within a forest with the same air drawn through an Aerodyne OFR and transfer lines, finding only a 4% particle loss. Bhattarai et al. (2018) found similar results for ammonium sulfate ((NH4)2SO4) particles, with 50% transmission for 20 nm particles and >90% transmission for particles >100 nm.
For this study, UV lamp stability and linearity was determined by moving a TOCON_C6 photodiode (Sglux GmbH, Germany) detector along the central axis of the OFR and recording its readings as function of the voltage supplied to the lamps, verifying that the UV flux was linearly associated with lamp voltage from 2 to 7 V, but it was undetectable for UV <1.5V and leveled off at ~350 W cm -2 in the range of 7-10 V. Experiments were limited to 2 and 3.5 V which is wellwithin the linear range. Irradiation fluxes were 2.5 x 10 13 photons cm -2 s -1 at 2 V and 12.5 x 10 13 photons cm -2 s -1 at 3.5 V. Fluxes were constant both in time and along the OFR axis, indicating S-3 that consistent oxidant amounts can be produced for a given voltage within the linear range, similar to the findings of Bhattarai et al. (2018) . Periodic performance tests of light intensity should be made over time as there may be some deterioration of lamp performance with use, and the measurements need to be repeated when lamps are replaced.
Since high O3 concentrations were generated when UV lamps were on, a potassium iodide (KI) denuder (1/3 KI with 2/3 silica) was installed at the outlet of the reactor to remove over 99.99% of the O3 and maintain a stable baseline of < 20 ppb. This possibly compromised some of the potassium ion measurement in the aged profiles.
As discussed in the main text, the biggest uncertainty is not the estimation of oxidant exposure in the OFR, but the conversion of this exposure to atmospheric aging times. Changes in the atmospheric multipollutant environment as emissions from several sources mix in the atmosphere are not represented within the OFR. Added to this are the unknown effects of the high oxidant exposures within the OFR relative to atmospheric exposures and the wide variability of atmospheric OH from the assumed 1.5x10 6 molecules cm -3 which is commonly, but not universally, used to translate OH exposure to atmospheric aging. 0.00 ± 0.00 0.00 ± 0.00 0.25 ± 0.42 0.29 ± 0.50 Galactose/Maltitol (C6H12O6/C12H24O11) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
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Glycerol (C3H8O3) 0.00 ± 0.00 0.00 ± 0.00 0.096 ± 0.11 0.00 ± 0.00 Mannitol (C6H14O6) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Aluminum (Al) 0.026 ± 0.059 0.069 ± 0.97 0.043 ± 0.49 0.13 ± 0.16 Silicon (Si) 0.00 ± 0.00 0.021 ± 0.22 0.018 ± 0.30 0.14 ± 0.45 Phosphorous (P) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0040 ± 0.0056 0.00 ± 0.00 0.013 ± 0.023 0.00 ± 0.00 Scandium (Sc) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 Titanium (Ti) 0.0036 ± 0.0050 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 Vanadium (V) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
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Chromium (Cr) 0.00 ± 0.00 0.00 ± 0.00 0.0011 ± 0.0016 0.016 ± 0.023 Manganese (Mn) 0.0013 ± 0.0012 0.00033 ± 0.00047 0.0065 ± 0.0026 0.00077 ± 0.0011 Iron (Fe) 0.00 ± 0.00 0.047 ± 0.040 0.038 ± 0.012 0.13 ± 0.12 Cobalt (Co) 0.00 ± 0.00 0.00021 ± 0.00030 0.00 ± 0.00 0.00 ± 0.00 Nickel (Ni) 0.00045 ± 0.00064 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Copper (Cu) 0.00 ± 0.00 0.0035 ± 0.0049 0.036 ± 0.033 0.027 ± 0.024 Zinc (Zn) 0.0013 ± 0.0015 0.0023 ± 0.0032 0.025 ± 0.021 0.026 ± 0.026 Arsenic (As) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 Selenium (Se) 0.0017 ± 0.00092 0.00 ± 0.00 0.0020 ± 0.0024 0.0033 ± 0.0047 Bromine (Br) 0.020 ± 0.00098 0.0077 ± 0.010 0.022 ± 0.0065 0.013 ± 0.0024
Rubidium (Rb) 0.00011 ± 0.00016 0.00095 ± 0.0013 0.0012 ± 0.0018 0.0019 ± 0.0026 Strontium (Sr) 0.0023 ± 0.00057 0.0038 ± 0.0013 0.0061 ± 0.0019 0.0042 ± 0.0026 Yttrium (Y) 0.0014 ± 0.00029 0.0012 ± 0.0018 0.0030 ± 0.0041 0.0029 ± 0.0017 Zirconium (Zr) 0.0016 ± 0.0023 0.0003 ± 0.00089 0.0042 ± 0.0046 0.0070 ± 0.0038 Niobium (Nb) 0.0016 ± 0.0023 0.00082 ± 0.0012 0.0013 ± 0.0015 0.0013 ± 0.0019
Molybdenum (Mo) 0.00 ± 0.00 0.00063 ± 0.00089 0.0034 ± 0.0036 0.0013 ± 0.0019 Silver (Ag) 0.0010 ± 0.0014 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 Cadmium (Cd) 0.0034 ± 0.0049 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 Indium (In) 0.00068 ± 0.00096 0.0025 ± 0.0036 0.0025 ± 0.0024 0.0038 ± 0.0054 Tin (Sn) 0.0037 ± 0.00047 0.0034 ± 0.0048 0.00049 ± 0.00085 0.0066 ± 0.0093 Antimony (Sb) 0.00 ± 0.00 0.0072 ± 0.010 0.0031 ± 0.0053 0.010 ± 0.014 Cesium (Cs) 0.00 ± 0.00 0.00 ± 0.00 0.018 ± 0.029 0.0086 ± 0.012 Barium (Ba) 0.00 ± 0.00 0.00 ± 0.00 0.013 ± 0.022 0.00 ± 0.00 Lanthanum (La) 0.042 ± 0.044 0.0053 ± 0.0075 0.045 ± 0.039 0.010 ± 0.014 Wolfram (W) 0.0037 ± 0.0018 0.0034 ± 0.0049 0.00010 ± 0.00018 0.0053 ± 0.0075
Gold (Au) 0.00062 ± 0.00088 0.00 ± 0.00 0.0016 ± 0.0015 0.00 ± 0.00 Mercury (Hg) 0.00020 ± 0.00028 0.0014 ± 0.0020 0.00 ± 0.00 0.00 ± 0.00 Lead (Pb) 0.0015 ± 0.0021 0.0014 ± 0.000962 0.0038 ± 0.0063 0.0033 ± 0.00 Uranium (U) 0.0034 ± 0.0044 0.00 ± 0.00 0.0023 ± 0.0040 0.0036 ± 0.0051 S-13 a Water-soluble K + data were biased due to the use of potassium iodide denuder downstream of the oxidation flow reactor b The carbon analysis follows the IMPROVE_A thermal/optical reflectance protocol (Chow et al., 2007) that is applied in long-term U.S. nonurban IMPROVE and urban Chemical Speciation Network. Organic carbon (OC) is the sum of OC1+OC2+OC3+OC4 plus pyrolized carbon (OP). Elemental carbon (EC) is the sum of EC1+EC2+EC3 minus OP. Total carbon is the sum of OC and EC. Since a large fraction of OP (7-13 %) are found in smoldering peat combustion emissions--indicative of higher molecular-weight compounds that are likely to char, the resulting EC are lower than the individual EC fraction after OP correction. Table S3 Profiles not included in analysis owing to invalid samples for either fresh or aging periods. 0.047 ± 0.000069 0.074 ± 0.00011 0.19 ± 0.00028 0.14 ± 0.00021 0.11 ± 0.00016 Acetic acid (C2H4O2) 0.28 ± 0.00034 0.41 ± 0.00049 0.25 ± 0.00030 0.47 ± 0.00057 0.32 ± 0.00039 Oxalic acid (C2H2O4) 0.00 ± 0.00 0.00 ± 0.00 1.45 ± 0.0022 0.27 ± 0.00041 0.33 ± 0.00049 Propionic acid (C3H6O2) 0.050 ± 0.00020 0.00 ± 0.00014 0.00 ± 0.000088 0.00 ± 0.00014 0.020 ± 0.00011
S-14
Levoglucosan (C6H10O5) 6.17 ± 0.015 11.82 ± 0.029 2.40 ± 0.0059 4.084 ± 0.010 5.66 ± 0.014 Mannosan (C6H10O5) 0.00 ± 0.00043 5.32 ± 0.016 0.00 ± 0.00019 0.00 ± 0.00031 1.27 ± 0.0081 Galactose/Maltitol (C6H12O6/C12H24O11) 0.00 ± 0.00022 0.00 ± 0.00016 0.00 ± 0.000099 0.00 ± 0.00016 0.00 ± 0.00013 Glycerol (C3H8O3) 0.00 ± 0.0000040 0.00 ± 0.0000029 0.00 ± 0.0000018 0.00 ± 0.0000029 0.00 ± 0.0000023 Mannitol (C6H14O6) 0.00 ± 0.000079 0.00 ± 0.000057 0.00 ± 0.000035 0.00 ± 0.000057 0.00 ± 0.000046
Aluminum (Al) 0.00 ± 0.052 0.053 ± 0.038 na b 0.074 ± 0.038 0.016 ± 0.030
Silicon (Si) 0.00 ± 0.0061 0.043 ± 0.0045 na b 0.0071 ± 0.0045 0.0023 ± 0.0036 Phosphorous (P) 0.00 ± 0.00012 0.00 ± 0.000089 na b 0.00 ± 0.000088 0.00 ± 0.000071 
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Elemental carbon (EC) is the sum of EC1+EC2+EC3 minus OP. Total carbon is the sum of OC and EC. Since a large fraction of OP (7-13 %) are found in smoldering peat combustion emissions--indicative of higher molecular-weight compounds that are likely to char, the resulting EC are lower than the individual EC fraction after OP correction. .0001 a For the t-test, a cutoff probability level of 5% is selected; if P <0.05, there is a 95% probability that the two profiles are different. For correlations, r >0.8 suggests similar profiles, 0.5 < r < 0.8 indicates a moderate similarity, and r <0.5 denotes little or no similarity. The R/U ratio indicates the percentage of the 125 reported chemical abundances differ by more than an expected number of uncertainty intervals. The normal probability density function of 68%, 95.5%, and 99.7% for ±1, ±2, and ±3, respectively, is used to evaluate the R/U ratios. The two profiles are considered to be similar, within the uncertainties of the chemical abundances when 80% of the R/U ratios are within ±3, with r >0.8 and P >0.05. Species with R/U ratios >3 are further examined as these may be markers that further allow source contributions to be distinguishes by receptor measurements. They may also reflect the sampling and analysis artifacts that are not representative of the larger population of source profiles. b Includes two paired samples for 2-and 7-days of atmospheric aging. c Degree of freedom d "All Fresh 2" includes fresh, unaged profiles from both Putnam (FL1) and Everglades (FL2) peats for the 2-days experiment (same as "All Fresh 7" for the 7-days experiment); "All Aged 2" includes 2-day aged profiles from both Putnam (FL1) and Everglades (FL2) peats, downstream of the oxidation flow reactor for the 2-days aging experiment (same as "All Aged 7" for the 7-days aging experiment); "All Fresh" includes combined Putnam (FL1) and Everglades (FL2) Fresh 2 and Fresh 7 peats (same as "All Aged" for Aged 2 and Aged 7 peats). a Includes 17 and 15 paired fresh and aged profiles for 2-and 7-days of atmospheric aging, respectively. b Degree of freedom c Student t-tests, a cutoff probability level of 5% is selected. The highlighted P-value denotes that P < 0.05 and there is a 95% probability that two profiles are different. d "All Fresh" includes both Fresh 2 and Fresh 7 profiles; and "All Aged" includes both Aged 2 and Aged 7 profiles. S-20 .00000243 a For the t-test, a cutoff probability level of 5% is selected; if P <0.05, there is a 95% probability that the two profiles are different. For correlations, r >0.8 suggests similar profiles, 0.5 < r < 0.8 indicates a moderate similarity, and r <0.5 denotes little or no similarity. The R/U ratio indicates the percentage of the 125 reported chemical abundances differ by more than an expected number of uncertainty intervals. The normal probability density function of 68%, 95.5%, and 99.7% for ±1, ±2, and ±3, respectively, is used to evaluate the R/U ratios. The two profiles are considered to be similar, within the uncertainties of the chemical abundances when 80% of the R/U ratios are within ±3, with r >0.8 and P >0.05. Species with R/U ratios >3 are further examined as these may be markers that further allow source contributions to be distinguishes by receptor measurements. They may also reflect the sampling and analysis artifacts that are not representative of the larger population of source profiles. b FL25 and FL60 denote peats with 25% and 60% fuel moisture contents; "All Fresh" and "All Aged" includes both 25% and 60% fuel moisture content peats for the Fresh vs. Aged comparison with 2-day aging times. c Degree of freedom
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